Introduction to the presentation
A key challenge in optical communication systems today is the relentless demand for increasing data capacity and the resulting demands for more energy-efficient communication technologies. Scaling current technologies to meet projected traffic demands will result in extensive parallelism. In that scenario, scaling the bandwidth will also scale the number of components and net power consumption. This is motivating intense research effort into developing technologies, which may allow for increased capacity with reduced energy consumption. Nonlinear optical signal processing may in some cases offer very high bandwidth processing at a comparatively lower energy consumption. However, the largest potential in optical signal processing appears to be in functionalities where the number of signal processing steps is low, and where the signal processing itself is simple. Complex digital logic has so far turned out to be challenging to implement in optics, format conversions or Fourier transformations turn out to be quite simple to implement optically. An extremely attractive tool for many of these conversions is the optical time lens.
In this talk we will outline several recent applications of time lenses to perform signal processing which would otherwise be very challenging to achieve. We will show that with quite simple time lens implementations complex signal processing can be achieved.
The concept of a "time lens" is a useful abstraction introduced by B. H. Kolner in 1994 to describe the parallel formulation of diffractive imaging and dispersive propagation. In both cases, an image is generated corresponding to the Fourier transform of the original object in the 'far field' of the system. In diffractive optics this results in the creation of an image corresponding to the Fourier transform of the object that shaped the diffracted wave e.g. an aperture. In dispersive propagation this results in the creation of an 'image' in the time domain corresponding to the Fourier transform of the time domain shape of the dispersed wave. These two parallel formulations are illustrated in Figure 1 . In both cases, lenses can be applied to focus the generated image. In the 'time lens' case, the equivalent of a lens is a time dependent phase shift applied to the field. To achieve undistorted focusing of the image the phase shift must be quadratic as function of time. For many applications the required phase shift is significant and may be difficult to achieve by means of conventional electro-optical phase modulation. As an alternative a quadratic phase shift can be created by four wave mixing (FWM) with a linearly chirped pump pulse. This is illustrated Figure 2 . In order to achieve only phase modulation the amplitude of the pump pulse is kept constant for the duration of the interaction with the signal. The generated idler wave will thus acquire a phase shift proportional to the time-integral of the frequency change of the pump, according to: Δ = ∂ϕ⁄ . The use of FWM as a means of generating strong phase modulation has several advantages. It is ultra-fast and allows for great flexibility in the magnitude and duration of modulation. It does, however, also require very broadband FWM to minimize signal distortions and it is typically associated with a change in signal wavelength. In the talk we will review the details of implementation of the time lens as well as several examples of applications. We will highlight applications to serial-parallel conversion and implementations for 'complete' optical Fourier transforms where both time-and frequency domains for transformed. 
